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同时进行 8 个 Ep 管的反应及洗涤操作，大大提高了实验效率。 
  本论文的主要成果是制备得到具有良好再分散性质的 Fe3O4 纳米粒子粉末；





















Magnetic polymer microspheres are widely applied in biology，medicine，
chemistry and environment field due to regulable polymerization methods, various 
morphology and quick response to external magnetic field. Liquid chip is one of the 
important application of magnetic polymer microspheres，which are excellent carriers 
of  liquid chip sensing units. The ideal diameter of the microspheres should be 
around 5 μm, which is similar to the size of cells; the surface should be smooth and 
dense in order to inhibit nonspecific adsorption; good monodispersity is necessary in 
order to reduce impurity interferences; fast response to magnetic field can 
significantly increase detecting speed. However, it is quite a challenge to own these 
properties simutaneously. 
The main work in this thesis is the synthesis of mono-dispersed, size around 5 
μm polystyrene magnetic microspheres with smooth and dense surfaces. Dispersion 
polymerization was applied and studied with emphasis. We also designed a magnetic 
separation device used for the washing and separation precedures during 
immunoassay. This thesis is composed of four chapters: 
In Chapter one, definition and advantages of magnetic microspheres were 
introduced. The research progress of magnetic nanoparticles and magnetic polymer 
microspheres was introduced afterwards. Various methods that synthesize magnetic 
nanoparticles and magnetic polymer microspheres were listed, along with the 
applications of separation and reaction carriers in biological, medical and clinical 
fields. In the end of the introduction section, we mentioned the current development 
of magnetic separation devices and the necessity of developing new magnetic 
separation devices with rapid separation and hopeful automated operation. 
Chapter two describes the synthesis of magnetic fluid. Dispersion polymerization 
was used to prepare magnetic polystyrene microspheres, the magnetic nanoparticles 
were employed in dispersion polymerization. So, we aimed to synthesis 
















after dried in oven. Co-precipitation method was explored to synthesize water soluble 
magnetic nanoparticles modified by PEG and oleic acid. Also, hydrothermal method 
and reflux method were explored to synthesize oil soluble magnetic nanoparticles 
modified by oleic acid. Methods like DLS, XRD, TGA, FT-IR, TEM and SQUID 
were used to characterize Fe3O4 nanoparticles in size distribution, structure, 
morphology and magnetic property. Conglobation was unavoidable to some extent as 
regards water soluble Fe3O4 nanoparticles prepared by co-precipitation and oil soluble 
Fe3O4 nanoparticles prepared by hydrothermal method. However, Fe3O4 nanoparticles 
synthesized by reflux method showed no conglobation, so reflux method was 
considered to be a suitable method. 
In Chapter three, polystyrene magnetic microspheres were prepared and 
characterized. Water soluble and oil soluble Fe3O4 nanoparticles were used in 
dispersion polymerization to prepare polystyrene magnetic microspheres respectly. 
Monodispersed spherical magnetic microspheres with a mean diameter between 5 and 
10 μm, a smooth dense surface and good magnetism response were prepared 
successfully through a magnetic source of oil soluble Fe3O4 nanoparticles. In this part 
of work, effects of factors like feeding sequence, pretreatment time of acrylic acid 
based magnetic fluid, the amount of monomer styrene, component of solvent, etc. on 
diameters and size distributions were investigated in detail.  
In Chapter four, a magnetic separation device used for immunoassay was built. 
The effecacy of separation and transfer using magnetic microspheres was 
investigated. 
The main contribution of this thesis is the synthesis of redispersable magnetic 
nanoparticles and monodispersed polystyrene magnetic microspheres with a mean 
diameter around 5 μm and a smooth dense surface. Also, a magnetic separation device 
used for immunoassay is built, and rapid and facile separation can evade the onerous 
laboring such as washing procedure of immunoassay. 













































































1852 年 Lefort[24]首次报道用化学共沉淀法制备水基和油基磁流体，通过向 Fe3+
和 Fe2+的混合溶液中加入氢氧化钠溶液或氨水，经过一段时间的加热和胶溶过程
制备了可稳定分散在水中的 Fe3O4 磁性纳米粒子，反应方程式如(1-1)所示： 



























DEG 混合加热到 220 ℃保温半小时后，快速注入 NaOH/DEG 储备液，透明黄色
溶液慢慢变黑，继续加热 1h 即得到 93 nm 的 Fe3O4 磁性纳米团簇。DEG 在高温
下使 Fe(OH)3 部分还原为 Fe(OH)2，最终生成 Fe3O4 纳米晶。PAA 链游离的羧酸
盐可以使生成的 Fe3O4 磁性纳米粒子在水中稳定分散。Amemiya
[29]在对铁有较强
亲和力的蛋白质 Mms6 存在的情况下，采用 Fe2+作为铁源，采用 NO3
-作为氧化
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